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The main purpose of roasting is to improve the flavour, the colour, and the crispy and crunchy texture of the product.
The roasting process is very important to determine the characteristic roasted flavour and colour of the product: in particular, temperature modulation is an important independent variable significantly affecting the quality features of hazelnuts.
This study was performed in order to determine the effect of roasting temperature modulation on the main quality attributes of roasted hazelnuts, in particular colour and final consumer perception.
Hazelnuts are the kernels of the hazelnut (corylus spp.) tree. All the different species of hazelnut trees produce edible nuts, but the common hazelnut (corylus avellana) is the most extensively grown. Hazelnuts are one of the most nutritious nuts, with a protein content of about 12%. They are also a good source of energy, with a fat content of about 60%, and an excellent source of carbohydrates, half of which are dietary fibre. Hazelnuts also contain minerals (Ca, Mg, P, K), vitamins (E and B), and antioxidants. Thanks to their flavour, hazelnuts are often used in food production, especially in confectionery: they are often found in pastries, chocolate spreads, ice creams, cereal bars, cookies, nougat, etc. (Platteau et al., 2011) .
Hazelnut (corylus avellana L.) belongs to the family Betulaceae and is a popular nut tree worldwide; it is mainly distributed along the coasts of the Black Sea region of Turkey, in southern Europe (Italy, Spain, Portugal, and France) , and in some areas of the United States (Oregon and Washington). Hazelnut is also grown in New Zealand, China, Azerbaijan, Chile, Iran, and Georgia. Turkey is the world's largest producer of hazelnuts (510 000 megatons in 2011, in shell basis), contributing to around 63.6% of the total global production, followed by Italy (15.6%, 110 000 t/year), Azerbaijan (5.6%), Georgia (4.4%), United States (4.3%), and Spain (3.1%). Other countries contribute only to 3.4% of the total global production (FAOSTAT 2010; Inc. Global Statistics 2011) . In Northern Italy, hazelnut plantings are situated mainly in the hilly areas of Langhe, Monferrato and Roero, in the Cuneo province (Piedmont).
Tonda Gentile delle Langhe (TGL) is the most widespread cultivar. The recent increase in production has been due mainly to the ever higher use of nuts in the food industry.
Hazelnuts may be consumed raw or preferably roasted, chopped, or processed into a praline paste. Hazelnuts are usually processed integrally into food products, although hazelnut oil is also often used for cooking (Platteau et al. 2011) . Due to the positive changes of its organoleptic properties during the roasting process, hazelnut is generally roasted before using it in sweets, confectionery, chocolate and biscuits (Demir & Cronin 2005) .
The main purpose of roasting is to improve the flavour, the colour, and the crispy and crunchy texture of the product (Langourieux et al. 2000; Alasalvar et al. 2003 Alasalvar et al. , 2012 Burdack-Freitag & Schieberle 2010) . Hazelnuts are also roasted to widen the variety of colours of the final products: whitened hazelnuts, golden yellow, dark roast, and very dark roast (Ozdemir & Devres 2000) .
Besides its potential health benefits and nutritional value (Mercanlıgil et al. 2007; Yucesan et al. 2010) , hazelnut as a food ingredient provides a unique and distinctive flavour (Alasalvar et al. 2003 (Alasalvar et al. , 2004 (Alasalvar et al. , 2010 Burdack-Freitag & Schieberle 2010 ) and pleasant crispness (Saklar et al. 2001) . Since raw hazelnuts have a rather bland aroma, it can be assumed that the odorants responsible for the characteristic hazelnut odour are generated by the roasting procedure from odourless precursors present in the raw nut (Burdack-Freitag & Schieberle 2010) .
Roasting can be defined as the dry heat treatment of seeds and nuts carried out not so much for dehydration as for flavour, colour and texture improvement (Fincke 1965) . A common method for hazelnut roasting is a convective heat transfer process, such as in hot-air roasters working in continuous or batch systems (Perren & Escher 2007) , under various time-temperature combinations. The roasting conditions generally used by processors are 100-160°C and 10-60 minutes. Perren and Escher (1996a,b) suggested the use of roasting temperatures below 150°C with an initial pre-roasting step at about 135°C, depending on the desired product.
The present research was carried out to evaluate the influence of roasting temperature on the final quality of Piedmont hazelnut kernels. Two different techniques (colorimeter and scan-marker coupled to pc-software for image reworking) were compared in the colour assessment. Sensory analysis was performed to determine differences in the sensory profile of roasted hazelnuts.
MATERIAL AND METHODS

Nut samples.
In 2008, an Italian hazelnut patisserie introduced a new hazelnut roaster in the processing chain. The study was carried out in that firm. A protocol was set carrying out analytical measurements and studying the effect of the new roaster on hazelnut quality: the Tonda Gentile delle Langhe cultivar was used for the trials.
Samplings on hazelnuts were carried out both before and after roasting. Eight different roasting protocols were tested, divided into high (170°C), medium (148°C) and low (122°C) modulation temperature protocols. Samples were roasted for 30 min with a conduction roaster and 500 g for each sample were used. After roasting hazelnuts were put in vacuum bags labelled with a code (Table 1) . Commercial hazelnuts were used as control. The samples were stored in a cool, dry and dark place (at 5°C and 55% RH) to maintain the chemical, physical, and sensory characteristics. tasters, specifically trained on roasted hazelnuts (Mellano 2008) , after defining a specific protocol on the basis of literature (Stone & Sidel 1985; Meilgaard et al. 1987; Porretta 1992; Kader 2008) . After each sample, the tasters restored their initial tasting conditions by drinking mineral water.
The(Quantitative Descriptive Analysis (QDA) analytical-descriptive sensory analysis was used: the QDA describes a product by means of a series of parameters whose intensity is measured quantitatively according to the reactions of panels of tasters (Künsch 2001; Zeppa et al. 2003; Mellano et al. 2005) . After the preliminary training session, according to Saklar et al. (1999) , Alasalvar (2003 Alasalvar ( , 2012 , Vázquez-Araújo (2011), Bett-Garber (2012), and Suwonsichon (2012) 18 specific sensory descriptors were chosen besides the overall judgment ( Table 2 ). The hazelnut samples were presented to the tasters in small glasses (Valentini et al. 2003) . Each descriptor was assessed on a partially structured continuous scale with intervals from 0 (absence of the characteristic) to 10 (maximum intensity) (Mellano et al. 2009; Donno et al. 2012) .
Colorimetric analysis. The colour values were measured with a colorimeter (meter CR-400 Konica Minolta CR-A33d; Konica Minolta, Langenhagen, Germany) and a scanner (ScanMarker i900-Microtek; Microtek, Hsinchu, Taiwan), both coupled to pc-software: Spectra Magic ® and Adobe ® Photoshop CS2, respectively.
Roasted hazelnut samples were chopped with a mixer and processed to a paste or kept as chopped kernels. The paste and chopped kernels were put in a structure (plastic POMc) formed by two slabs: one drilled and the other used as a support base. An optical glass was positioned on this structure to avoid interferences with the colour. For the scanner analysis the structure was put in the reverse position and covered with a black box.
The CIELAB or L*a*b* space was used to describe the colour. This colour space is device-independent and able to create consistent colours regardless of the device used to acquire the image. L* is the luminance or lightness component, which ranges from 0 to 100, while a* (green to red) and b* (blue to yellow) are two chromatic components, with values varying from -120 to +120 (Yam & Papakadis 2004) . The cylindrical version of the L*a*b* system resembles the Munsell colour order system corresponding to the perceptual attributes of lightness (L*), hue (h = a*/b*) and chroma (c*= (a 2 + b 2 ) 1/2 ) (McLaren 1976) .
Then Δe represents the difference in colour between samples.
The values of L*, a*, and b* were measured with a colorimeter and a scanner.
colorimeter. After the calibration of the colorimeter, three measurements for each replication were taken and data were analysed using Spectra Magic ® software. The values were expressed in the CIEL*a*b* space and hue, chroma and Δe were calculated from these data.
Scanner. Three measurements for each replication were done and data were analysed using Adobe ® Photoshop CS2 (L, a, b) after selection with the "Istogram" instrument. The conversion of values into the CIEL*a*b* space was necessary to calculate 
RESULTS
Sensory analysis
Sensory analysis data are reported in Table 3 , where all the 8 hazelnut samples are compared with the commercial control. In the samples, tasters perceived a small intensity of caramel odour, while wood, and bread ones showed higher values: in particular, the L6G sample stood out for these parameters. Smoke odour was perceived with low intensity in all samples, whereas it was strongly detected in the reference. Hazelnut odour presented significant statistical differences among the analysed samples [F = 4.652; P(F) = 2.304 × 10 -4 ]: the L4E (3.95) and L5F (3.28) samples had the lowest values of intensity, while the L8I (7.07) sample showed the highest value of hazelnut odour (Figure 1) . Moreover, this descriptor is strongly correlated with general judgment (ρ = 0.70), wood odour (ρ = 0.73) and caramel odour (ρ = 0.82). As for the structure descriptors, the different samples presented high hardness and crunchiness and medium pastiness. The samples showed a low intensity of acid and bitter tastes, while the sweet taste had a medium intensity: the nuts of the L1A (5.07) and L8I (4.57) samples were the sweetest ones. The total sensory profile showed a low intensity of rancid, smoke and caramel flavours in most of the samples, while the oily and wood aromas had slightly higher values. The profiles of the four samples with the highest sensory data values (L1A, L3D, L6G, L8I), compared to the reference, are illustrated in Figure 2 .
The tasters were also asked to express a subjective judgment of appreciation on the samples (Figure 3) . In general, all samples were acceptable [no statistically significant differences, F = 0.684 and P(F) = 0.703], but this result should be considered only as indicative of the possible satisfaction of consumers. The overall judgment was correlated with some of the descriptors: it was positively correlated with odour and aroma of hazelnut, pastiness, odour and aroma of caramel and intensity of sweet taste. Rancid aroma, as expected, is negatively correlated with the overall judgment (Table 4) .
Colorimetric analysis
Colorimetric data obtained by the analysis with pc-ScanMarker and colorimeter are shown in Table 5 .
The samples roasted at a lower temperature (122°C) had lower chroma values and consequently lighter colour than the other samples. A better sensitivity in colour evaluation was obtained using the scanner rather than the colorimeter: both paste and chopped nuts showed a wider range of values compared to the results obtained using the colorimeter.
Samples roasted at lower temperatures had lower saturation values and brighter colour, as reported in previous researches (Ozdemir et al. 2000; Valentini et al. 2003; Di Prima 2009 ).
Comparing the values obtained with the colorimeter on roasted samples of chopped nuts and paste, the hue values were higher in the roasted chopped nuts with a mean value of 0.29, while the chroma was higher in the paste samples with a mean value of 24.05 (Figure 4) .
In the scanner analysis ( Figure 5 ), the sample of roasted chopped nuts had higher hue values than the paste samples: the mean value was 0.27. For chroma values the situation was the opposite: paste samples had higher values than roasted chopped nuts samples, with a mean value of 41.16.
Regarding Δe, chopped nuts showed a wider colour range than the paste ones, whose colours were more similar to each other ( Figure 6 ). 
DISCUSSION
In this study, several odour and aroma descriptors were considered in order to highlight the presence of a direct influence of the hazelnut roasting parameters on some of the sensory characteristics and to detect whether this influence could be perceived by the consumer.
Roasting temperature is the most important factor affecting the nut quality indicators (Locatelli et al. 2010; Youn & Chung 2012) . According to Alasalvar et al. (2003 Alasalvar et al. ( , 2012 , the descriptor that varied the most among samples is hazelnut odour. This descriptor was perceived with particular intensity in the L8I sample, which has been subjected to high temperature modulation (170°C). The L4E and L5F samples showed a lower hazelnut odour intensity because they were roasted at lower temperatures. The hazelnut odour perception on the samples roasted at intermediate temperatures was more variable. The results of this study were, in general, comparable with those published in literature (Alasalvar et al. 2003) .
According to Alasalvar et al. (2012) , intensities for a number of flavour attributes such as hazelnut, oily and sweet taste were significantly higher (P < 0.01) in roasted hazelnuts than in the raw counterparts. However, in raw hazelnuts caramel, hazelnut and wood aroma were rated significantly higher (P < 0.01) than in their roasted counterparts.
Recently, Burdack-Freitag and Schieberle (2010) measured the aroma profile analysis using a sensory panel and key odorants in natural and roasted Italian hazelnuts. In the aroma profile of raw hazelnuts, an intense hazelnut aroma predominated, followed by oily and fresh leaves attributes. In roasted hazelnuts, however, popcornlike, coffee-like, and smoke aroma attributes predominated, whereas the hazelnut and oily odour was not different from that of raw hazelnuts.
During roasting, smoke and hazelnut flavour increased: at a high air temperature, the increase in roasted hazelnut flavour intensity was higher than that in smoke flavour intensity. At these roasting conditions, chemical compounds were formed which had a very strong roasted hazelnut yet not smoke aroma (Saklar et al. 2001; Burdack-Freitag & Schieberle 2010) .
The results of structure descriptors of roasted hazelnuts were similar to those obtained by Saklar et al. (1999) .
Colour is an important quality attribute of hazelnuts (Driscoll & Madamba 1994) . The results of this study showed that roasting temperature is an important factor affecting colour development during the roasting process. Many authors use colour as a quality control indicator of processing because brown pigments increase as the browning and candying reactions progress (Moss & Otten 1989; Cammarn et al. 1990 ). The quality control of roasted products is based on visual observations made by an operator to determine the level of roasting. This parameter is nonetheless subjective and selection of a roasting on the basis of this method alone could lead to flavour defects (Moss & Otten 1989) .
According to Saklar et al. (2001) , in hazelnut roasting, L-value decreased and a-and b-values increased with increasing temperature. The increase in a-value was greater than that in b-value, as a result of the darkening of the interior part of hazelnuts. Δe values increased with increasing modulation temperature, similarly like the a-and b-values. According to Ozdemir and Devres (2000) , for a significant colour change in the outside colour of kernels, a roasting temperature above 140°C is required. They also supported the finding that roasting temperature was the main factor governing the colour modification.
Among the colour attributes of roasted hazelnuts, the b-value is not suitable for monitoring hazelnut roasting since it is not fully affected by roasting conditions. Although the a-and L-values are significantly affected by roasting conditions, the L-value is preferred for monitoring colour development during hazelnut roasting, because the L-value (relative lightness of a product) is analogous to the colour observation made by the operator (Moss & Otten 1989; Perren & Escher 1996b; Ozdemir & Devres 2000) .
CONCLUSIONS
The samples roasted at lower temperatures were lighter and the scanner allowed a high sensitivity for the colour evaluation; for both paste and chopped kernels a larger range of values was found in comparison with the results given by the colorimeter. The higher sensitivity in colour evaluation performed with the scanner was an unexpected result that should be confirmed by further analysis.
The sensory analysis was a useful tool to indicate the final consumer perception and it was found that the "hazelnut odour" descriptor was able to significantly differentiate between different samples.
Roasting process is very important to determine the characteristic roasted flavour and colour of the product: in particular, temperature modulation is an important independent variable significantly affecting the quality features of hazelnuts.
